MATERIALS AND METHODS
Flies collected in 20 localities (see Fig. 1 ) were analyzed for enzyme polymorphism. In Kof u, flies were sampled three times (1971, 1972 and 1973) and in Kuroyama and Ogose, two samples were collected in 1972 and 1973. In Niihama, flies were sampled at two stations about 1 km apart from each other in 1972. In the remaining 16 localities, flies were sampled only once during the period from 1971 to 1973. In total, 25 samples were analyzed for enzyme variability.
D. lutescens is semi-domestic and is often found in vegetation surrounding houses and along streams.
Traps containing fermented banana were set in vegetation and left overnight.
Flies attracted to the fermented banana were collected by sweeping. The culture medium for D. lutescens was a corn meal-molasses-agar medium containing 4 g agar powder, 100 g corn meal, 80 ml molasses and 10 ml of 5% butyl hydroxybenzoate in 1,000 ml of water.
All cultures were kept at 21±1°C. The analysis of enzyme variation was performed by either a thin layer agar gel electrophoresic technique (Ogita 1962) or starch gel electrophoresis (Shaw and Prasad 1970) . The agar gel was formed on a glass plate (16.5 X 18.0 cm) to make a smooth surface layer with a thickness of 0.8-0.9 mm. Flies are individually homogenized in small wells (1.5 mm in depth, 5 mm in diameter) in a plastic block with 0.02 ml of distilled water. A small piece of filter paper (Toyo No. 51, 0.6 X 3.5 mm) containing this crude homogenate was put on the surface of an agar gel layer, and the gel plate was kept about 30 min in a refrigerator at 4-5°C. Then, the filter paper was removed and electrophoresis was started. After completion of electrophoresis the gel was stained for specific enzymes.
In order to preserve the zymograms permanently, the gel plates were washed in slow running water and dried in a hot air.
For the starch gel electrophoresis, a piece of filter paper, 2 X 9 mm, containing the homogenate of a sample fly, was inserted along a slit about 5 cm from the gel edge and electrophoresis was started immediately. After electrophoresis, the gel was sliced horizontally into three 3 mm-thick slices with help of a knife and 3 mm-thick guides. The top slice was discarded since surface effects made it unusable.
The remaining two slices could be used for two different enzyme assays.
Eight enzyme systems and names of loci responsible for the enzymes analyzed in this study were as follows: a-specific esterase (Est-a), a-specific esterase (Est-j3), Acid phosphatase (Acph), NAD dependent malate dehydrogenase (Mdh), NADP dependent malate dehydrogenase (Me), Isocitrate dehydrogenase (Idh), Glucose-6-phosphate dehydrogenase (G6pd) and Alcohol dehydrogenase (Adh). Methods for the assay of these enzymes were modified from Ogita (1962), Shaw and Prasad (1970) , and Tobari and Aotsuka (personal communication).
Preliminary genetic analysis revealed that these eight enzyme systems were controlled by eight independent loci. The number of alleles detected are shown in Table 1 for each locus.
Except for silent alleles referred to below, all alleles are codominant in phenotypic expression.
Therefore, homozygous individuals show a single band with a enzyme activity whereas heterozygotes exhibit two bands (Est-a, and Adh) or three bands including a hybrid band (Est-jS, Acph, Mdh and Me). No electrophoretic variants were detected in G6pd and Id/i. Silent or null alleles which result in no detectable band with a enzyme activity in homozygotes have been found only at two loci, Est-a and Est-p. The electrophoretic mobilities of all variants are shown in Fig.  2 for each enzyme locus, together with common phenotypes found in natural populations.
The materials employed for enzyme studies were either wild-caught or F1 flies. The calculation of gene frequencies in each sample was performed in three ways depending upon the kind of materials analyzed.
Firstly, when wild-caught flies were Table 1 . Enzyme assayed and number of alleles detected available, the number of genes was obtained by doubling the number of individuals analyzed. Secondly, if 10 F1 progeny of each wild-caught female were studied, the number of genes was assumed to be four times of the number of the isofemale strains since each isofemale strain initially contained at least four genomes.
Finally, when a wild-collected male was crossed with virgin females being homozygous for silent allele and 10 F1 flies were analyzed, the number of genes was assumed to be twice the number of wild males. The last method was employed only for the analysis of the Est-19 locus in Niitsu, Kofu-1971, Notoiida, Awazu, Daisen, Niihama A and Niihama B samples. In most cases hundreds of wild-caught flies were directly analyzed.
The allele frequencies at th&six loci, Acpla, Mdh, Me, Adh, G6pd and Idh, can easily be calculated from phenotype frequencies.
For the loci at which a silent allele is included (Est-a and Est-jS) the modification of Bernstein's method (Yasuda and Kimura 1968) was applied to get estimates of allele frequencies.
RESULTS
Four loci, Est-a, Est-jS, Acph and Mdh, were analyzed in twenty-five samples from 20 natural populations and the other four loci (Me, Adh, Idh and G6pd) were examined in several populations.
The results for the Est-a, Est-j3, Acph, Mdh, Me, Adh, Idh and G6pd loci are given in Tables 2-6. The name of localities and their abbreviations, date of collection, number of genes sampled, allele f requenceies, and proportion of heterozygous individuals calculated by assuming Hardy-Weinberg equilibrium are shown for each sample.
In each table the last row represents the total number of genes sampled, the unweighted mean of the allelic frequencies and the unweighted mean of the frequency of heterozygotes in all samples. At the Est-a locus (Table 2) , eight alleles including a silent allele were detected. The eight alleles were found in 14 out of 25 samples, that is, in 11 out of 20 localities, and the Est-aC, aD and aE alleles were detected in all samples.
Moreover, the frequencies of alleles aD and aE were considerably higher than those of the other alleles, being 0.335 (a') and 0.328 (aE) on the average. The sum of the frequencies of both alleles is 0.60 or more in each sample except in Niitsu, Notoiida and Fukuoka, where the number of genes sampled was small. On the other hand, the aA, aB and aG alleles existed in low frequencies whenever these were found, and they were often absent even though a large number of individuals were examined.
Consequently, these alleles appear to be rare, being 0.016 (aA), 0.022 (aB) and 0.028 (a') on the average.
It is also noticed that the proteins coded by these rare alleles migrate usually faster or slower than those controlled by common alleles.
The remaining three alleles, aC, aF and anuit~ exist in intermediate frequencies among those of alleles mentioned above, being about 0.078 to 0.107 on the average. The proportion of heterozygous individuals for the Est-a locus in twenty-five samples is between 0.675 and 0.801, on the average being 0.742.
Ten alleles including a null allele were discovered at the Est-~ locus as shown in Table 3 . Among them two alleles, Est-j36 and j37, are frequent alleles in most populations studied.
The frequency of allele 37 ranges from 0.189 (Daisen) to 0.462 (Niitsu), and this allele shows the highest frequency in 20 out of 25 samples.
Allele j3s has the highest frequency in two of five of the remaining samples, Shiojiri (0.249) and Daisen (0.254) and in the other two populations, Sakata and Okayama, frequencies of both 36 and 37 alleles are almost equal in frequency, being 0.245 in Sakata and 0.221 in Okayama respectively.
In Awazu, the p8 allele exists at the highest frequency, being 0.271. The average proportion of heterozygous individuals for the Est-j3 locus is 0.798. At the Acph locus, 13 alleles were detected in the present survey (Table 4) . Allele Acph8 is the most frequent allele, ranging from 0.882 to 0.977 in 25 samples, the average being 0.935. The twelve other alleles are rare and the sum of their frequencies is only 0.065 on the average. Consequently, the average proportion of heterozygous individuals at the Acph locus is 0.123. This value is far lower than that for the Est-a or Est-j3 locus.
Although five alleles are found at the Mdh locus, the Mdh3 allele is always predominant in frequency, 0.90 or more, and its average frequency is 0.977 (see Table 5 ). Other alleles share the remaining proportion with one another.
A similar gene frequency pattern is observed also for the Me and Adh loci (Table 6 ) . At these loci a particular predominant allele is present at a frequency of 0.94 or more in all populations.
The average proportion of heterozygous individuals is 0.044, 0.028 and 0.044 for the Mdh, Me and Adh loci respectively.
For these three loci it is apparent that particular alleles show extremely high frequencies in all localities studied and is often fixed in some populations.
As shown in Table 6 , no variant was found for either the Idh or G6pd locus, although 610 genomes from four populations (Idh) and 516 genomes from three populations (G6pd) were examined respectively. Therefore it can be said that these two loci are monomorphic in this species. For four loci except Est-a and Est-1S, all populations studied were in the HardyWeinberg equilibrium.
For Est-a and Est-13, it is also detected that most of the populations were in Hardy-Weinberg equilibrium except few exceptions. For the exception, the other methods were adopted to examine the randomness of differentiation of the gene frequencies. The randomness can be tested by the comparison of the observed with the expected correlations between gene frequencies (Nei 1965) . In order to estimate the expected and observed correlations, the data on the allele frequencies of Est-a in Table 2 and Est-j3 in Table 3 were reorganized.
The results are presented in Tables 7  and 8 . In Table 7 , p is the sum of the frequencies of A, B and C alleles in Table 2 , and s is the sum of the frequencies of F and G. The frequencies of D, E and null are denoted by q, r and t, respectively and these frequencies are the same as in Table 2 . In Table  8 , p is the sum of the frequencies of 1, 2, 3, 4, 5 and 9 alleles in Table 3 . The frequencies of 6, 7, 8 and null are denoted by q, r, s and t, respectively and these frequencies are the same as in Table 3 . The expected and observed correlations are presented in Table 9 . Statistical test indicates that there is no significant difference between the expected and observed correlations in any pair of allele frequencies. This indicates that the differentiation of allele frequencies of Est-a and Est-i3 loci is not much deviated from randomness.
In order to compare the genetic similarity between natural populations of D. lutescens quantitatively, genetic distances (D by Nei 1972) were calculated, using the allele frequencies at the four enzyme loci, Est-a, Est-j3, Acph and Mdh, which were surveyed for all 25 samples.
Four out of 25 samples were discarded because of their small sample sizes. Pairwise combination of 21 samples provided 210 genetic distances which are given in As shown in Table 10 , the average genetic distance between all pairs of twenty-one The average proportion of heterozygous loci per individual is 0.22, which is based on the heterozygosities of eight randomlychosen enzyme loci assayed in this study. However, the average heterozygosity for various Drosophila species is 0.135 with the range from 0.08 to 0.21 (Nei 1975) . Apparently, the average heterozygosity per individual in D, lutescens is larger than that of other Drosophila species, because few loci with many allelic variants have been studied.
Kojima and his co-workers (Gillespie and Kojima 1968; Kojima et al., 1970) The most frequent allele at a given locus was generally the most frequent allele in all populations, and the allelic frequencies at six dimorphic loci showed a remarkable similarity from population to population.
A comparison of genetic distances (D by Nei) among twenty-one populations estimated on the basis of the allelic frequency for four enzyme loci surveyed showed little difference, giving an average distance of 0.0079. Glucose-metabolizing enzymes such as Mdh, Me, Idh and G6pd were less genetically variable than non-glucose-metabolizing enzymes (Est-a, Est-j3, Acph and Adh).
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